In this paper, some Virasoro integrable models are obtained by means of the realizations of the generalized centerless Virasoro-type symmetry algebra, [<j(/i), a(/o)] = o"(/ 2 /i -/i/:)-It is interesting that some of them may be not only Virasoro integrable but also Painleve integrable.
Introduction
The soliton theory has attracted much attention from both physicists and mathematicians because it has been widely applied in many physically significant fields (such as fluids, optics and astrophysics, etc.) [1] , (1 + 1)-and (2+1 )-dimensional integrable models have been deeply investigated. However, there is little progress in the study of (n + 1 ^dimensio-nal (n > 3) integrable models though many physicists and mathematicians have tried to find some significant (3 + 1 )-dimensional integrable models [2, 3] .
Recently, one of the present authors has proposed some possible methods to search for some nontrivial higher-dimensional integrable models under some special meanings [4, 5, 6] . For instance, basing on the fact that all the known (2+l)-dimensional integrable models possess a common generalized centreless Virasoro type symmetry algebra, [flr(/i),<r(/2)] = <r(/ 2 /i -/1/2), (0 while all the known (2+1 )-dimensional nonintegrable models do not possess this type of symmetry algebra, we had defined [5, 7] a special type of integrability under the meaning that a model (or its variant form) possesses an infinite dimensional centreless Virasoro type symmetry algebra. For convienience later, we call this types of integrability as the Virasoro integrability. In (1), /1 and / 2 are arbitrary functions of a single independent variable, say time t, and the dots over the functions f\ and / 2 present the derivatives with respect to the independent variables. It is known that, when we say a model is integrable, we should point out that the model is integrable under what meaning? We may say a model is Painleve integrable if the model possesses the Painleve property, it is 1ST integrable if the model can be solved by the inverse scattering transformation, Lax integrable if the model possesses a Lax pair, etc. Now it is a natural and important question if can we find some higher dimensional models which are not only Virasoro integrable but also Painleve integrable, 1ST integrable or Lax integrable? In this paper we try to find some (3+l)-dimensional models which have the Virasoro integrability and the Painleve integrability at the same time via some concrete realizations of the Virasoro-type symmetry algebra (1) .
In Sect. 2, we sketch the general method to realize the Virasoro symmetry algebra (1) . In Sect. 3, a concrete realization of the Virasoro symmetry algebra (1) is used to construct (3+l)-dimensional Virasoro integrable models. In Sect. 4 we check the Painleve integrability for the Virasoro integrable models obtained in the Sect. 3 via the Weiss-Tabor-Carnevale-Kruskal (WTCK) approach. Section 5 a short summary and discussion is given.
General Theory
In order to tind out the invariant equations of symmetry algebra (1) . we have to realize the Lie algebra (1) in terms of vector fields on the space S<S>U of independent and dependent variables. In our case, 5 is the four-dimensional space-time with coordinates (rr, y. z, t) and U is the space of real scalar functions u (x, y, t) . For Lie point symmetries, the vector field V of symmetries in the space 50C/ have the generalized form
To realize the algebra (1), we can select / in (1) as an arbitrary function of t and restrict T, A', Y, Z and U as follows
where f (l) = d' f/df and A',, and U l are functions of x, y, c. tf, u and should be selected to satisfy the commutation relation (1) . In order to construct invariant fc th -order PDEs. we have to know how the considered group acts on the first /c th -order derivatives u x , u y , u z , u t u X ' y j v = < i+j + m + r < k) once we know its action on (x, y, t, a). Since our entire approach is infinitesimal, it is sufficient for us to know the k lh prolongation of the vector field V. The general formula for the fc th prolongation of a vector field V is given by [8] (9) -
where D r , D y , £). and are total derivatives. In order to obtain some explicit invariant equations, we can choose a concrete realization a = V\ which satisfies the Virasoro type algebra (1) and calculate the kth prolongation. We know that the generalized V\ invariant equations should have the form [9] A (x,y,z,t,u,u x , u y , u z ,u u 
= 0, where the function _A satisfies
To find such types of group invariant equations, we should solve the corresponding characteristic equations of (4) in which all the arguments in (3) are viewed as independent variables. Solving the characteristic equations, we can get a set of elementary invariants. I r (x. y. z. t. u,..., u x , yJzl , vl 
Substituting the invariants shown in (19) - (31) into the generalized invariant equation (15), we can get various (3 + l)-dimensional models which possess the Virasoro-type Lie point symmetry algebra (1) . In general, (15) is /-dependent. According to the general theory of the last section, a Virasoro integrable model with algebra (1) should be /-independent. However, it is very difficult to find all the possible /-independent invariant equations because the invariants listed in (19) - (31) are dependent on the function / in a very complicated way. Fortunately, it is still possible to selected some /-independent invariant equations from (15 
we can obtain the /-independent equation 
where ci, C3 and c 6 are arbitrary constants.
(36)
The Painleve Property of (3+l)-dimensional Virasoro Integrable Models
where 0i = 0i(t/, z, t) and Vj = Vj(y, z, t) are analytical functions of y, z, t. Substituting (38) into (37) 
In this section, we would like to select some Painleve integrable models from the Virasoro integrable models listed in the last section. The singularity analysis formulated by Weiss, Tabor, and Carnevale wh ere Fj(01, (\>\ y (WTC) [10] is a useful and simple method to check ^j;;;; l 0 ;^;':^: the Painleve integrability of a model. According to the WTC approach, we say a model possesses the Painleve property if all the solutions of the model are single-valued about an arbitrary singularity manifold Xhe reS onance at j = -1 corresponds to the arbitrary which is given by (f>(x,y,z,t) = 0. For simplicity singularity manifold 0 and j=0 corresponds to the to prove the Painleve property, Kruskal has proposed arb itrary function v 0 . From the recursion relation (39), that the singular manifold 0(x, y, 2, t) can be replaced we ba ve by x + 0i(y, z,t) with arbitrary analytical <fi\(y, z,t) [11] . In order to perform the Painleve analysis of the (3+l)-dimensional PDE model (33), we can rewrite it as Using the similar analysis to the model (35), we find that it is only Virasoro integrable but not Painleve integrable.
Summary and Discussion
In summary, starting from every realization of the Virasoro-type of symmetry algebra (1) we are able to obtain various Virasoro integrable models. Using two special types of concrete realization of the Virasoro symmetry algebra, we have write down four special Virasoro integrable models. Usually, a Virasoro integrable model might not be integrable under other meanings. Fortunately, we have shown that some types of Virasoro integrable models may also be Painleve integrable, (33) for c\ = -1/2, = 1/2, C3 = C4 = 0. "
Actually, from every realization of the Virasorotype of symmetry algebra (1) 
